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ABSTRACH

The National Aeronautics and Space Administration
(NASA) envisions a 21st-century program of space and
Farth science missions that will use revolutionary new
technologies and architectures to reduce costs and enhance
the capabilities of missions. Needed will be advanced min:
iatwized instruments, microspacecraft, and “intelligent”
Jlight systems to reduce the costs and personnel involved in
operations monitoring. The goal of NASA’s New Millen-
nitm Program (NMP) is to enable frequent, affordable, ca
pable missions of the future by identifying, developing, and
flight validating key technologies. Targeting technologies in
development by NASA'S field centers, government agencics,
nonprofit organizations, and academia - and establishing,
partnciships among these entitics to develop the technolo
gies and implenent the flights - NMP will enable futvre
missions to avoid the visk of “finst use,” and at the same
time take advantage of advanced capabilities. 1eaming ap
proaches and new management structures are also a part
of NMP, with the aini of demonstrating effective operotions
methods for high-technology organizations in the post-
2000 environment. The accelerated infusion of advanced,
enabling technologies and the application of new ways of
doing business will encourage development and open the
way (o the 218t cenlury.

This paper is declared a work of the U.S. Government and is not
subject to copyright protection in the United States.
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NASAs vision for its space and Yarih science pro
grame of the 2 1<t century is bold: Fxciting, af-
fordable scientific nissions with highly focused
objeciives will be lavnched frequently, with no-
merous “microspacectaflt’” carrying advanced min
jatuti-cd insttuments returning a continuous flow
of information from space to Farth. Using 1evolu
tionary new techmologies and architectures o te-
duce the costs and cnhance the capabilities of
these missions, the United States will gain impor
tant d sta about Farth, the solar systein, and the
universe; new insights icaped frown the programs
will stumulate public interest and provide new
learning opportunitics for students at all levels.
The wealth of new scientific information and its
widespread disscinination - combined with the
tapid development, deployment, and tiansfer of
new technology - will maintain the United
States’ global leadership in space science and

technology.

The goal of NASA’s New Millennium Program
(NMP) is to enable frequent, affordable, capable
scientfic wissions tn the 2 1st centuty by identily:
ing, developing, and flight validating key tech-

nologics that can signilicantly contribute to



lowering, life-cycle costs while incieasing scien-
tific teturns, Breakthrough techmologies selected
from the existing, “pipeline” that is formed by and
flows thirough currenttechnology programs of
NASA, othergoveimment agencies, nonprofitin.
stitutions, and academia will be developed in
partnership among these organizations. Critical
technologies will be validated through (Icdic-sled
spaceflights so that future science missions can
take advantage of these techimologies without hav-

ing to assume the tisks inherent in their first vse.

In addition to developing and validating, key en-
abling techmologics, NMP will pioneetnew ways
of partncring among industiy, nonprofit organi-
zations, academic institutions, and NASA and
other pover maent agencies by developing and
mmplementing illlm’alive managcemeut practices.
‘1 his will advance the competitive edge of the
nation’s high-technology organizations as we
move into the 2 1st cantury,

NMP s being implemented in parnncrship among
NASA’s Office of Space Science, Office of Mission
to Planet Farth, and Office of Space Access and
“1 cchmology, andis managedby the JetPropul-
sion 1 aboatory (J}'1) of the CaliforniaInstitute of
‘1 cchnology. Several other NASA field ceuters ae
patticipating in the program as validation- flight
impleinenters and/or as techmology providetrs.
Goddard Space Hight Center in particular will
contiibute significantly in the developtnent and
execution of the Faith science techmology - valida-
tion fliphts.

SN G FXPTORATION IN 111 Nixit CINGury

At essential element of the NMP technology-vali-
dation process is a cleatunderstanding of thic cnr-
visionced mode of cat 1ying out scientific
exploration in the next centwry. Duiing the 20th
centuty, specifically in the 1960s and 1970s,

NASA's space scicnce program focused primatily
on developing and implementing, solitary 1obotic
explorets in which electionics wer ¢ mainly dis
crete-composed based. As a spacectalt’s function
ality increased, so did its nnaber of components,
Since discrete-componenticliability was linited,
redudancy was used to allow the inuluiyear
flights to last their tequined lifetime. Size, weight,
power, desigr, developinent, and cost all grew
accordingly with the spacecrafU’s increasing, capa-
bilitic.. Round-tr ip connmunications times dic-
tated the natuie and expansion of onboard
autonomy and the types of fault protection and
coriection. Since launch-vehicle capability was
very high, Taunching these spacecraft - which
weighed thousands of kilograms - was well
withinour meanis, With tansportation ability to
visit other plancts well irr hand, it became cost ¢f-
fective Lo LTy 10 maxiinize the science 1etut y from
cach inission, since spacecraft were launched in-
frequ-ntly. This, mturn, led to the development
of spacecraft with capabilities of executing 20 o
more sSQchice experunents. For example, the plan
claty explotation program, With its iy itial focus
on rcconnaissance and preliminary characieriza-
tion Of the solar syste m, has sent out single or
dual spacecraflwith complex cotnplements of itl-
s111111101118 Lo gatherfundamentalinfonmation
about planetary sui faces, atnospheres, magneto-
spher es, satellites, 1ings, and the interplanetary

enviotmnent.

Continued use of individual or dual spacecrafito
expand our exploration frontiers is still expected
to bean important element of the space science
program of the futuwre. Asttonomers will usc indi-
vidual spacecraftio continue observations in all
1egions of the electiomagnetic spectiam; space
physicists willeploy individual spaceciaftto
study the response of the Farli’s atnosphicre o

sola adiative output; planctary scientists will use



individual spacecraft to explore Pluto, the Kuiper
Belt, and (lie universe beyond. Individual space-
craft can also be used to characterize the surface
of Mercu iy and 1o study and mouitor the outer
planets and their satellites. Thiough a series of in
dividual launches, individual spaceciaft can also
be used to survey multiple asteroids and comets
and to provide samples rom a range of possible
objects targeted for study.

As wc approach the 2 1 st century, however, the
nation’s fiscal enviromment, our technological ca
pabilitics, and our relative maturity in terns of
understanding Faith and the solar system all
pointto a new paradigm: one that capitalizes on
new technologies to enable frequent launches of
low-mass, low-cost spacccraft, each O whichad -

dresses a focused set of scientific questions.

NASA envisions the deployment of multiple
spacecraft to analyze the more dynamic systems
and processes inour solar systern and beyond.
Single-point measureients will be insufficient to
address questions concerning complex, dynanic
systems; these questions would best be answered
thioughtime-corretated measuiements at mul-
tiple tocations. For example, in using just a single
spacecraft, it is impossible to discern with suffi-
cient accuracy the extent to which solaitidal ac-
tivity affects changes in planctary atmosphetic
structures. The science commuuity has for some
time supported the concept of using networks of
landets to examine interior planetary dynamics
and structuies as a means of determining the size
and nature of planctary cores and geologic activi-
ties. Constellations of spacecralt inay prove to be
the most cm-effective way to get the compicher -
sive information needed to determine solar vaii-
ability and its cffects on Faith, in o1det to furthier
investigate global change and natural hazards.

Two examples of exciting 2 1st-century missions
that will be enabled by NM P's technology- valida
tion llights are comet sample retu tnmissions and
extra-olar planetary nmaging missions. Cornet
sample retur nmissions form a category of high-
prionity missions that are focused on ow solar
syste1n, grouped within the unifying thieme of
“Out Planctary Neighbor s, Characterization of
the primitive materials of which comets are com-
posed will shed light on the origin and evolution
Of the solarsystem. “1 hie envisioned mission im-
plementation includes the selection of anrappro
priatc landing, site following an o1bital survey,
in situ study, selection and collection of local
samples, and 1cturn of samples to Farth through
directatinospheric enitry. The second type of mis
sion  an extrasolar planelary immaging mission
will explore the vniverse using, a flee-flyill~, in
tetferometer: a constellation of spaceciaft capable
ol imaging extrasolar planets. Such a constellation
could detect Faith- like platiets and should pro-
vide mformation clarifying the origin and evolu

tion of planetary systerns in general.
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Fulfilling this vision for the futuie will 1equie
new capabilities Lo 1educe the costs O develop
ment, launch, and opcrations; Lo increase mission
frequency; and 1o enhance scientific- observing,
and data-gathering capabilitics. Capable
microspaceciaft with miniaturized instramnents
will be called [et, with a move toward use of
smaller, less costly launch vehicles. Also, shotter
flight times and “intelligent” flight systems will be
1equited in o1der to reduce the number of people
needed to operate ourspacecialt. Througha sc -
ries of techimology-driven issions, NMP will pro

vide at | orderly tansition to this new paradigm




by flight validating, those technologies that con-

tribute most sigh ificantly to establishiment of the
paradigm.

The basic plan is relatively simple and stiaightfor-
ward: NMP will first identify shorlcomings in
current technology that prevet it us from immedi-
ately carrying outour vision of scientific explora-
tion. Breakthrough technologies providing
affordable solutions will then be sought fiom the
technology community, and [hose that ate found
to most significantly contribute to achieving our
goal of frequent Jaunches of exciting, alfordable
space and Farth science missions will be selected
as high-priority candidates for development and
validation.
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A Ncw Millennium Science Working Group
(SWG) has been chartered to help the prog ram
both in developing a vision of scientific explora-
tion in the next century and inidentifying the ca-
pabilitics required to fulfill this vision. The SWG
has listed the key scientific challenges facing the
space and Farth sciences cominunity as we enter
the next century, emphasizing those challenges
that are particularly amenable 1o solutions using,
small, capable spaceciaft. The SWG has also
helped in cataloging, the kinds of missions we can
expect to fly in the post-2000 era that might ad-
dress these scientific challenges, while working
closely with the NMJ]' teamto evaluate whichi ca-
pabilitics the.sc missions require, and using this
information to identify and evaluate advanced-

technology candidates that can provide these ca-
pabilitics.

The SWG is expectedto remain active through
the duration of the New Millennium Program to
ensure that the program stays focused cm achiev-

ing our scientific vision of exploration forthe

next (‘muny.
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NM]" will emphasize technologies that signifi-
cantly contribute to 1 educing the costs, increasing,
the ficquency, and enhancing the scientific capa
bility of future science missions. It will sponsor
revolutionary techinology advances that of fersig-
nificant new opporwunities fot future missions

but which have traditionally been difficult to in-
corporate into scieuce missions because of the in
hetently high risk assoctated with developing,

qualilying, and valid ating new techuologies.

lnitial evaluation of the capabilities required to
achicve our scientific vision has indicated a need
to focus on S¢ veral key techmology arcas. ‘i hese
are:

Autonomy: 1echmologies supporting revolutionary

advauces in autonomous spacectaft operations.

Microelectronic Systems: ‘1 echnologies supportting
1evolutionary advances innictoclecti onics in
flight computing, command and data handling,
puidance and navigation, and power subsystems

Instruments and Microclectromechanical Systems
(MEMS): Techmologics supporting revolutionar y
advancesin lliclc)ill<tllilcl-it<, miniatarizedin-
strumnents, novel insttument designs, andinter-
ferometric systemns, using M'MS advances whete
appiopriate.

Communications Systems: T echnologics supporting,
revolutionary advances in transmitters, amplifi-
crs, receivers, antennas, switches, and transmis-
sion lines, with frequencies ranging, from
trachtional RE bands (S, X, Ka) and beyond, to
optical wavelengths.

Modular and Multifunctional Systems: “1 echnologies

supporting revolutionary advance in a numbet of




areas including, but not limited to, structural,
mechanisms, thermal control, and propulsion.

Integrated Product Development Teamns (IPDTs)
have been formed to identify advanced-technol-
ogy candidates cur rently under developiment in
these key arcas. Initially, the 1IPDTs are being, co-
led by a technology expertfrom JPL and anex-
pertfrom another NASA center. Industr y,
academia, NASA and other government agencies,
and nonprofit organizations arc all expectedto
participate as 1PDT members. Solicitations for
team participation will be issued petiodically
throughout the duration of the program.

“1 he IPDTs will establish and maintain “road
maps” - phased technology-develo pment plans
needed to achieve required capabilities - for
cach key technology atea. The teams will deter-
mine costs associated with advancing each tech-
nology to the point where it can be flight
validated. TheIPDTs (or certain subsets of these
teams) are cxpectedto facilitate the final develop-
ment of the technologies determined to be of
most benefit toward achieving NM]’ objectives,

and infuse them into the validation flights.

IDINTIHNCATION 01" CANDIDAT .
NMP MissION SETrs

The NMP Architectuie Development Team, using,
JPI’s Project Design Center, is beginning to
evaluate candidate mission scts. Fach mission set
is composed of three to four technology-valida-
tion flights expectedto take place bet ween1997
and 2000; cach flight is structured to validate a
sclected suite of advanced technologies. The Ai-
chitecture Developinent Team, using technology -
development planinputs fromthe 11'1>"1"s, will
evaluate a range of mission set options to detet -
mine the extent to which they meet NMP objec-
tives.

While the primnaty pur pose of each flight will be
to validate a given suite of advanced technologies,
the mission itself will be designed to be of scien -
tific value and of sufficient complexity so as to
fully exercise the techimologies to perform as they
would in future scientific missions. 1 inking the
primary technology objectives with a secondary
scientific objective will assure close and contin-
ued interaction between the technology develop
ers and the scientific community throughout the
design, developmerit, and opetations phases of
the missions. This is ciitical to ensuring that,
once validated, thetechnologies will be readily

incot porated into future scientific missions.

NASA 1 headguarters will imake the decision to
proceed with the development of a specific mis-
sion set, apply ing a number of metrics in [heir
evaluition. These metrics include assessing the
overall technology richness of the mission and its
scient ific value, as well as the future commercial-
ization potential of the technologies. Additionally,
life-cycle cost comparisons - i.e., compating the
cost of missions employing new technologies vet -
sus those that do not - will be established to
clearly illustiate the long-term benefits of the pro-
gram

Itshould be noted thatnot all technologies will
require flight valid ation, since in some cases
ground validation will suffice, Also, an NMP
techniology validation may take advantage of non-
NMP flight opportunitics when an appropriate
opportunity exists.

VAHDATION F1IGH 1 TEAMS

Alter NASA 1 leadquarters decides to proceed
with a given mission sct, Flight Teams will be es-
tablished to implement each technology-vali(la-
tion {light. Fach Flight Team will include
members fromn industry, academia, and govern -




ment - with industry anti acadeinia participa-
tion being formally solicited - and will work
closely withthe IPDYTs and the NMI' Architecture
Development Team to design the technology-vali-
dation flights in a manner compatible with the
technology-readiness dates, launch -schedule, and

funding,

JPL will use its Flight System Testbed (I'S-I-) to
support mission development as required. The
EST allows the Flight Teams to rapidly evaluate
and test new technologies by creating a virtual
(simulated) spacecraftin which system-level
cvaluation of components can be cartied out very
early in the development cycle. ]n additionto
spacecraft hardware and software validation, the
FST also accommodates ground data system de-
velopment and end-lo-end project simulation and
testing. During spacecraft development, designers
can bring onc or scveral subsystems, or evenan

entire small spacecraft, to the FST for testing.
Nt w Mil LINNIUM PARTNERSHIPS

innovative partnerships among industry, non-
profit organizations, academic institutions, and
NASA and other government agencies are integral
to NMP’s success. Partners will be involved in ev-
et-y aspect of the program. They will participate as
IPDT members, identifying and providing break-
through technologies appropriate for NMI’ tech-
nology-validation flights, and as Flight Team
members, assuming a major role in developing
and fabricating components, subsystems, sys-
tems, and spacecraft for the flight. They will also
participate through the duration of mission op-
erations and support data processing. These part-
nerships will create an environment conducive to
the transfer of technologies and expertise to those
expected to be the primary spaceciaft providers
of the future.

NMP expects to capitalize on the existing NASA
Small Business Innovative Research (SBIR) pro-

gramto focus small business technology- develop-
ment efforts in support of NMI" objectives.
Conscquently, members of the SBIR program are
also expected to form partnerships within NM I,

NMI" partneiships arc expected to evolve over the
course of the prograin. New team members will
be brought on board as new technologics ate
identified and new validation missions are imple-
mented. A “Council” will be instituted to recom-
mend strategies and activities to NMI’ that will
maximize the benefits and competitive advan-

tages of these partnerships.

SUMMARY

Investing in the New Millennium Program is in-
vesting in the future. fulfilling the vision of fu-
ture scientificexploration depends on new
capabilities to reduce costs of development,
launch, and operations; to increase mission fre-
quency; and to enhaunce scientific-obse rving and
data- gathering capabilities. Smaller launch ve-
hicles and capable microspacecraft and
microinstruments will be required, and fewer
people will be needed for operations because of
shorier flight tilnes and the use of “intelligent”
flight systems having increased autonomy.

NASA'’s vision for the 2 1st century is a compel-
ling one, incorporating access to new frontiers
and greatly expanding our scientific understand-
ing. With nctworks of landers on Mars and Ve-
nus, clusters of probes mapping planetary
ionospheres and magnctospheres, spacecraft re-
tutning samples fromasteroids and comets, and
constellations of spacecralt peering into neighbor-
ing solar systems, we will truly be able to create a
virtual human presence in space. The concepts of
fleet < of individual spacecraft, constellations, and




networks of spacecraft arc allowing new mission
approaches for the future to evolve. We need
multiple spacecraft to go beyond our initial solat
system reconnaissance and to more completely
characterize dynamic systems in the way wc ate
able to do on the surface of tarth.

An accelerated infusion of new, enabling tech-
nologies and new ways of doing business are inte-
gralto achieving these goals. The Ncw

Millennium Program, withits emphasis on strong,
partnerships among government, academia, and
industry, and between the science and technology
communities, will provide an environment con-
ducive to rapid technology development and
{light validation. These benefits, along with the
substantial benefits to the science community,
herald new ways of doing business in the 2 1st
century.
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